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Abstract. It is generally believed that pulsars dissipate their rotational energy through powerful winds of relativistic particles.
Confinement of these winds leads to the formation of luminous pulsar wind nebulae (PWNe) seen across the electromagnetic
spectrum in synchrotron and inverse Compton emission. Recently, many new detections have been produced at the highest
energies by Very High Energy (VHE) γ-ray observations identifying PWNe as among the most common sources of galactic
VHE γ-ray emission. We report here on the preliminary results of a search for VHE γ-ray emission towards a selection of
energetic and/or close pulsars in the Northern hemisphere in the first year of operations of the full VERITAS array.
Keywords: Pulsar Wind Nebulae:individual(3C58,Geminga,J0631+1036,J1740+1000,B0656+14),gamma rays: observations, VERITAS
PACS: 95.85.Pw,95.85.Nv,98.54.Cm
INTRODUCTION
The detection of VHE γ-rays from the Crab Nebula[1]
together with the detection of at least 8 other PWNe in
the HESS VHE γ-ray survey of the southern Galactic
plane[2], has established PWNe as strong VHE γ-ray
emitters.
Our basic understanding of a PWN consists of a mag-
netized wind carrying relativistic charged particles which
emerges from a pulsar. The particles are injected into the
pulsar’s immediate surroundings, which are generally the
interior of a Supernova Remnant (SNR), except when the
age of the remnant is large. The confinement of this wind
in the outer regions of the PWNe is thought to produce a
wind termination shock in which the particles of the wind
are accelerated and have their pitch angles randomized.
As a result, bright synchrotron emission is seen in the ra-
dio through the low energy γ-ray range, as well as VHE
γ-ray emission via the inverse Compton scattering of ul-
trarelativistic electrons on ubiquitous photon fields, such
as the Cosmic Microwave Background (CMBR) and pos-
sibly infrared radiation from galactic dust particles.
The details of the wind nebulae structure and lumi-
nosity depend upon a number of factors, including the
birth properties of the pulsar, the composition of the pul-
sar wind, the spindown power history and space veloc-
ity of the pulsar, as well as the density of the surround-
ing medium. Therefore, it is important to accumulate as
much data as possible, at all wavelengths, in order to con-
strain models of these sources and produce a better un-
derstanding of which, how and when particles are accel-
erated and of the emission mechanisms taking place.
Young pulsars with high spindown power, similar to
that powering the Crab Nebula, are considered among
the best candidates to drive detectable VHE γ-ray neb-
ulae. A significant correlation has now been suggested
between VHE γ-ray emission above 100 GeV and pul-
sar energy output in terms of ˙E/d2 [3] from observations
at Southern latitudes (from -60◦ to 30◦ in Galactic lon-
gitude and ±2 deg in Galactic latitude). Of the total of
435 pulsars in that region, 30 are found with significant
VHE γ-ray emission. The probability that the detection
of VHE sources coincident with 9 or more of the total of
23 pulsars above ˙E/d2 > 1034 ergs/s/kpc2 results from a
statistical fluctuation is ∼ 3.4× 10−4. For detection of 5
or more of the total of 7 pulsars above 1035 ergs/s/kpc2,
the chance probability is∼ 4.2×10−4. Motivated by this
positive correlation, that argues in favour of a pulsar-
related origin of the γ-ray signal, a search for VHE γ-ray
counterparts at Northern latitudes has been started with
VERITAS. Here we present some initial results of this
search; further observations and analysis improvements
are ongoing.
Selection of the objects
The criteria used for the selection of objects in this
study is pulsars with ˙E/d2 > 1×1035 ergs/s/kpc2. In this
range, the aforementioned population studies of the ob-
servations at Southern latitudes show that 70% of the pul-
sars correlate with sources of VHE γ-rays. Additionally
none of these ojects has to lie within the Galactic plane as
this is being surveyed with VERITAS. Using these two
criteria a handful of objects is available. The observa-
tions presented here consists of 5 objects which are here
listed:
J0205+6449: Pulsar with high spindown power ˙E =
2.5× 1037 erg/s, d = 3.2 kpc.The PWN is better
known as 3C58 and has been detected in radio, in-
frared and X-rays with a size of about 9’×5’.
J0631+1036: pulsar with spindown power ˙E = 1.7×
1035 erg/s and d = 6.55 kpc.
J0633+1746: bow shock PWN, pulsar with spindown
power ˙E = 3.25× 1034 and d = 0.16 kpc, possible
association with an extended MILAGRO hot spot
C3.
B0656+14: pulsar with spindown power ˙E = 3.8× 1034
erg/s and at a short distance from us d = 0.29 kpc,
very close in projection to the center of the Mono-
gem ring
J1740+1000: pulsar with spindown power ˙E = 2.3×
1035 erg/s and as close as d = 1.36 kpc.
PSR J0633+1746 corresponds to Geminga and is here
only mentioned for completeness as it satisfies the same
selection criteria as the other sources. A more detailed
study on Geminga can be found also in these proceed-
ings [5]. Preliminary results on PSR J1930+1852 were
also presented at the conference. This small dataset (5
hours) consisted of observations made mainly under ex-
tremely bright moonlight, and is currently being reanal-
ysed with an analysis and Monte Carlo chain more suit-
able for these conditions. Additionally, this object is in
the galactic plane and so does not fullfill the criteria of
the present study.
OBSERVATIONS, ANALYSIS AND
RESULTS
VERITAS is a system of four, 12 m diameter Imaging
Atmospheric Cherenkov Telescopes (IACTs) dedicated
to the observation of TeV gamma rays. Fully operational
since April 2007, VERITAS is located at a a latitude
32◦N and longitude 111◦W, providing best visibility to
the Northern sky. The array can detect γ-rays with high
sensitivity (5σ detection in 50 h for 1% Crab flux) and
an excellent angular (0.1 deg) and energy (15-20%) res-
olution over a ∼ 4◦ field of view and an energy range of
100 GeV to 30 TeV. This performance makes VERITAS
suitable for spectral and morphology studies of extended
sources and/or of sources with uncertain positions, typi-
cal of PWNe.
In September 2007 the full VERITAS array started
the program to look for VHE γ-ray counterparts of the
most energetic pulsars in the Northern sky outside of
the galactic plane region covered by the VERITAS sky
survey. The observations presented here are summarized
in Table 1. The live time of the quality selected and dead
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FIGURE 1. Calculated significance across from the FOV
containing the Crab Nebula as observed with VERITAS. The
significance distribution of the various bins in the vicinity is
also plotted showing
time corrected dataset for each object ranges from 9 to 15
hours at small and medium zenith angles. All data were
taken in “wobble” mode [7] with the source candidate
offset by 0.5◦ from the centre of the field of view.
The standard scheme for the reconstruction of events
used in VERITAS was applied to the data[4]. This re-
construction is based on image parameters[6]. Selection
of the events optimized for a 1% Crab flux were used
to suppress the otherwise overwhelming hadronic back-
ground. Events with four telescope images are those giv-
ing the maximum signal-to-noise ratio and a better angu-
lar resolution at expenses of a slightly increase of energy
threshold. The background estimation for each position
in the two-dimensional sky maps is computed from a ring
with a radius of 0.5◦. Since the emission region may be
extended, the search for a γ-ray signal is performed with
two fixed integration radii (θint = 0.13◦ and 0.2◦). These
trials need to be taken into account in assessing the true
chance probability of any observed excess.
Fig. 2 shows the smoothed significance maps of the
studied pulsars and their surroundings after sampling
with a θint = 0.13◦, corresponding to the point source
search. None of the maps show a significant VHE γ-ray
signal; the distribution of significances over all bins is
compatible with randomly distributed data (µ ∼ 0,σ ∼
1). Similar results are found for the wider integration ra-
dius. For comparison the significance map of Crab Neb-
ula observations with VERITAS using the same observa-
tion mode and analysis is also shown in Fig. 1. A signif-
icance of 75σ in ∼ 7.5 h of VERITAS observations at
small zenith angles is measured.
Results from this search are summarized in in Table 1.
The significances of the VHE γ-ray signal at the pulsar
position are given for an assumed point source. Nega-
TABLE 1. Summary of the VERITAS observations (livetime after dead time correction, mean zenith angle) and
results (pre-trials significance, 99% C.L. upper limits on the integral flux emission above 300 GeV in f.u.=10−12
cm−2s−1 and Crab units) for the selection of pulsars
PSR name log10 ˙E/d2 [erg/s/kpc2] T [hrs] Z [deg] S [σ ] F(> Eth) [f.u.] F(> Eth) [% Crab]
J0205+6449 36.4 12.8 35.2 1.1 2.9 2.3
J0631+1036 35.2 13.0 24.4 0.3 1.6 1.3
J0633+1746 36.1 14.5 17.9 1.1 2.0 1.6
B0656+14 35.6 9.4 22.4 -1.8 0.3 0.2
J1740+1000 35.1 10.5 24.6 0.2 1.2 1.0
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FIGURE 2. Calculated significance across from the FOV containing each of the studied pulsars observed with VERITAS (marked
with the white crosses). For each map the distribution of significances in the vicinity of the pulsar is also indicated.
tive significances result purely from fluctuations in the
cosmic-ray background and should not be interpreted as
a genuine deficit in the photon flux. Upper limits on the
steady flux emission above 300 GeV at the 99% confi-
dence level have been derived using the prescription of
Rolke [8] for each of the pulsars. These upper limits have
been calculated assuming a point source and assuming a
power-law spectrum with photon index of Γ = 2.5 (∼
E−Γ) for the calculation of the effective collection area.
The limits range from 0.2%(for negative significances)
to 2.3% Crab. We note that care must be taken when in-
terpreting these limits as most of the detected middle age
pulsars (all the cases here except J0205+6449) drive ex-
tended TeV PWNe. Future work will provide more de-
tailed extended source results.
CONCLUSIONS
The search for VHE γ-ray counterparts of 5 energetic
and/or close pulsars at Northern latitudes has shown
no detection by VERITAS. Upper limits have been de-
rived at the 99% confidence level assuming a point
source. Taking into account the nature of the objects be-
ing searched (moderate extended ∼0.2 deg, TeV nebu-
lae close to pulsars) and the good angular resolution and
sensitivity of VERITAS observations compared to other
Northern instruments, this represents the most compre-
hensive search for VHE γ-rays to date around those ob-
jects of the high Galactic latitudes.
The absence of any detection in these objects could be
explained in a number of ways:
• The exposure on those objects could be not enough
and some of the most promising objects could be
re-observed in the future
• Given the middle age of the observed pulsars (ex-
cept J0205+6449), can happen that the PWN is not
inside the SNR and therefore it is confined by the
ambient ISM. A low density of the ISM could diffi-
cult the confinement of the wind particles to form
the nebulae in these objects. A study of the ISM
around these objects will help to determine if they
reside in a lower density region of the ISM com-
pared to some of the lower Galactic latitude detec-
tions.
• Another reason could be the fact that some of the
HESS detections have been produced close to the
center of the galactic plance where the IC compo-
nent due to the star dust can be more important.
Observations and analysis of more energetic pulsars
with VERITAS is still ongoing and more extensive re-
sults will be presented in the future.
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